Ryanodine receptors in muscarinic receptor-mediated bronchoconstriction.
Ryanodine receptors (RyRs), intracellular calcium release channels essential for skeletal and cardiac muscle contraction, are also expressed in various types of smooth muscle cells. In particular, recent studies have suggested that in airway smooth muscle cells (ASMCs) provoked by spasmogens, stored calcium release by the cardiac isoform of RyR (RyR2) contributes to the calcium response that leads to airway constriction (bronchoconstriction). Here we report that mouse ASMCs also express the skeletal muscle and brain isoforms of RyRs (RyR1 and RyR3, respectively). In these cells, RyR1 is localized to the periphery near the cell membrane, whereas RyR3 is more centrally localized. Moreover, RyR1 and/or RyR3 in mouse airway smooth muscle also appear to mediate bronchoconstriction caused by the muscarinic receptor agonist carbachol. Inhibiting all RyR isoforms with > or = 200 microM ryanodine attenuated the graded carbachol-induced contractile responses of mouse bronchial rings and calcium responses of ASMCs throughout the range of carbachol used (50 nM to > or = 3 microM). In contrast, inhibiting only RyR1 and RyR3 with 25 microM dantrolene attenuated these responses caused by high (>500 nM) but not by low concentrations of carbachol. These data suggest that, as the stimulation of muscarinic receptor in the airway smooth muscle increases, RyR1 and/or RyR3 also mediate the calcium response and thus bronchoconstriction. Our findings provide new insights into the complex calcium signaling in ASMCs and suggest that RyRs are potential therapeutic targets in bronchospastic disorders such as asthma.